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INTRODUCTION
The subsidence monument elevations at the Big Hill Strategic Petroleum Reserve (SPR) site have been surveyed nine times beginning in April, 1989 . The earlier survey data has been most recently reported on by Osnes (1995) . This report provides an update which includes additional measurements completed in the past few years. The changes in elevation, the rates of subsidence, as well as projections of Mure elevation changes are presented. Elevation data were most recently collected at the Big Hill site in January 1999. Data are used by the cavern engineer and other site personnel in assuring certain aspects of site integrity, for example how to plan for periodic inundation.
At Big Hill and other SPR sites in general, elevation changes are measured because they document surface subsidence resulting from creep closure of caverns. General subsidenceon the scaleof the site or portionsthereofis seen in the surveydata taken. Thistypeof subsidencewill capturegrosseffectsof creepclosureof underground openings in response to the state of stress in the salt surrounding the caverns. However, the measured long term subsidence provided by the surveys is important, especially because it permits the long term extrapolation of elevation changes into the future.
Elevation data represents the raw data. The most recent data set included 32 stations. The number of data points varies from year to year because it is a function of ability to find monuments, destruction of monuments, darnage to monuments, etc. The measurements have been made at various time intervals; the current time interval is about two years.
In practice, measurements of subsidence are difficult at best. At Big Hill the reference is an off-site benchmark located close to the site (to the northwest of the DOE property). This introduces some small error in traversing the distance to the site. The leveling surveys are performed to Second-Order First-Class accuracy, with allowable vertical closure not to exceed approximately 0.025 fthnileo-s (Osnes, 1995) .
A layout of the site with cavern locations is given in Figure 1 . This together with Figure  2 allows one to understand the impact (on the order of 1000 ft) of the thick caprock at Big Hill. It is likely that the thick caprock provides stability at the surface, even in the presence of subterranean creep closure of caverns. It is unclear exactly how the caprock's presence effects subsidence; its fracture and faulted condition is difiicult to analyze. However, we know that the creep closure rate is on par with those at West Hackbeny (Ehgartner, 1997) where the subsidence rate is much higher. For comparable cavern ages, the subsidence rate at West Hackberry was approximately 0.25 fdyr (Bauer, 1997) , whereas this studyshowsthe Big Hill rate to be an orderof magnitudeless. Figure 2 . Big Hill salt dome structure map, including top of salt contours, shear zone and salt spine locations (Magorian and Neal, 1988) .
RESULTS AND ANALYSES
As evidenced by the similarity between Figures 3-5, and data listed in Amendix 1. the . . elevation at the Big Hill SPR facility has changed very little during the past 10 years. The ground surface at the site has subsided on the average about 0.3 feet during the past 10 years. The data control (number of stations) is sparse at Big Hill. Most stations are located on well heads, thus the elevations reported are for well head elevations, not the ground level. This location 'of stations on well heads is common for SPR sites, because of the convenience. These elevations are known "&stances above the actual ground surface; their location does. not effect the elevation change from measurement to measurement. The rate of subsidence was studied to determine the uniformity of subsidence rates across the site. Local areas of greater subsidence rates maybe signals of abnormal creep closure behavior, leaching of salt, ador shifting of the caprock. The rate of subsidence is calculated by dividing the amount of elevation change in a time period by the time span of the period in years. This calculation was made for each time period between measurements and is presented in Appendix 2. The rate of subsidence has decreased during the measurement period. For the first five years of measurement the site was subsiding at about 0.02 to 0.05 feet per year ( Figure 6 ); for the last five years the rate has decreased to 0.02 to 0.03 feet per year (Figure 7 ). This decrease is probably due to the operational procedure adopted of maintaining the caverns at relatively high operating pressure and the corresponding decrease in creep closure rate of the caverns with time. Transient creep effects are zdso diminishing with time (Ehgartner, 1992) since the earlier data reflects a time just after leaching (1990) (1991) .
Esst ( It is important to develop a relationship to extrapolate changes in elevation into the fiture, in order to provide the DOE with important information for planning fhture work at the site. Such an extrapolation is possible by making use of the past history of the elevation measurements. Elevation data collected at known times at each station were fit to a first order exponential decay of the form
where Y is the calculated elevation at the time of interest (x), YOis the elevation at XO (time=O), Al is a constant, and tl is a fitting parameter.
This relationship allowed the data to be projected into the fiture with confidence. Examples of the data compared to the first order exponential decay relationship are given in Figure 8 . Appendix 3 contains fitting parameters for equations fit to data for each measurement station allowing the reader to make projections to any time in the future. . Consistent with information already presented, it is predicted that the Big Hill site will continue to subside, but at an ever decreasing rate. 
DISCUSSION AND CONCLUSIONS
Big Hill is historically known for its low subsidence rates and relatively high elevations; this report echoes this historical perspective. No issues or concerns were uncovered in this analysis and review of historic and recent data.
The elevationchangedata at the Big Hill SPRsite has been studied and a model utilized to project elevation changes 20 years into the future. This work may assist DOE in planning the construction and location of mitigative measures for operations as well as life extension.
Operationally it is prudent to continue the practice of maintaining the caverns at relatively high operating pressure. The measured subsidence rate is increased for time periods when higher cavern pressures were not maintained, and decreased for time periods when relatively high cavern pressures were maintained (this observation is more evident at older SPR sites that practiced a lower range in the operating pressure during the 1980's).
The results of analyses warrant the following conclusions:
The subsidence rate has decreased with time due to relatively high operating pressures of caverns and the decrease in creep closure of caverns with time. The subsidence rate at Big Hill is low in comparison with other Strategic Petroleum Reserve sites; the subsidence at the site is projected to continue, however, if the cavern pressure is maintained at current levels, the subsidence rate can be expected to decrease. 
